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HEAVY OIL CATALYTIC CRRCKTVG HMCTSs awn AFPARATTK 

Ihis invention relates to regeneration of coked cracking 
catalyst in a fluidized bed. 

Catalytic cracking is the backbone of many refineries. 
It converts heavy feeds into lighter products by catalytically 
cracking large molecules into smaller molecules. Catalytic 
cracking operates at low pressures, without hydrogen addition, in 
contrast to hydrocracking, which operates at high hydrogen 
partial pressures. Catalytic cracking is inherently safe as it 
operates with very little oil actually in inventory during the 
cracking process. 

There are two main variants of the catalytic cracking 
process: moving bed and the far more popular and efficient 
fluidized bed process. 

m the fluidized catalytic cracking (FCC) process, 
catalyst, having a particle size and color resembling table salt 
a«i pepper, circulates between a cracking reactor and a catalyst 
regenerator. In the reactor, hydrocarbon feed contacts a source 
of hot, regenerated catalyst. The hot catalyst vaporizes and 
cracks the feed at 425-600 'C, usually 460-560'C. One cracking 
reaction deposits carbonaceous hydrocarbons or coke on the 
catalyst, thereby deactivating the catalyst, me cracked 
Products are separated from the coked catalyst. The coked 
catalyst is stripped of volatiles, usually with steam, in a 
catalyst stripper and the stripped catalyst is then regenerated. 
The catalyst regenerator burns coke from the catalyst with oxygen 
containing gas, usually air. Decoking restores catalyst activity 
and simultaneously heats the catalyst to, e.g., 500-900-C, 
usually 600-750-C. This heated catalyst is recycled to the 
cracking reactor to crack none fresh feed. Hue gas formed by 
burning coke in the regenerator may be treated for removal of 
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particulates and for conversion of carbon monoxide, after which 
the flue gas is normally discharged into the atmosphere. 

Catalytic cracking is endothermic, i.e., it consumes 
heat. The heat for cracking is supplied at first by the hot 
regenerated catalyst from the regenerator. Ultimately, it is the 
feed which supplies the heat needed to crack the feed. Some of 
the feed deposits as cote on the catalyst, and the burning of 
this cote generates heat in the regenerator, which is recycled to 
the reactor in the form of hot catalyst. 

Catalytic cracking has undergone progressive development 
since the 1940s. The trend of development of the fluid catalytic 
cracking (FCC) process has been to all riser cracking and use of 
zeolite catalysts. . 

Riser cracking gives higher yields of valuable products 
than dense bed cracking. Host FCC units now use all riser 
cracking, with hydrocarbon residence times in the riser of less 
than 10 seconds, and even less than 5 seconds. 

ZeoUte-containing catalysts having high activity and 
selectivity are now, used in These catalysts work 

best when the cote content on the catalyst after regeneration is 
less than 0.1 wt £, and preferably less than 0.05 wt %. 

Ho regenerate FOC catalysts to these low residual carbon 
levels, and to burn 00 completely to CO, within the regenerator 
(to conserve heat and minimize air pollution) many roc operators 
add a CO combustion promoter metal to the catalyst or to the 
regenerator. 

As the process and catalyst improved, refiners attempted 
to use the process to upgrade a wider range of feedstocks, in 
particular, feedstocks that were heavier, and also contained more 
metals and sulfur -than had previously been permitted in the feed 
to a fluid catalytic cracking unit. 

These heavier, dirtier feeds have placed a growing demand 
on the regenerator. Processing resids has exacerbated four 
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tenperature and N0 x . Ihese problems wiU eacii be reviewed in 
more detail below. 



Much of the sulfur in the feed ends up as SO in the 
regenerator flue gas. Higher sulfur levels in the id, coined 
with a more complete regeneration of the catalyst in the 
regenerator increases the amount of so x in the regenerator flue 
gas. Sane attempts have been made to minimize the amount of so 
discharged to the atmosphere through the flue gas by including X 
catalyst additives or agents to react with the so in the flue 
gas. These agents pass with the regenerated catajyst back to the 
PCC reactor where the reducing atmosphere releases the sulfur 
compounds as ^s. 

Unfortunately, the conditions in most PCX: regenerators 
are not the best for SO x adsorption. The high temperatures in 
modern FCC regenerators (up to 870'C (1600'F)) impair SO 
adsorption. One way to minimize S0 x in flue gas is to pis 
catalyst from the fog reactor to a long residence time steam 
stripper, as disclosed in U.S. Patent No. 4,481,103 to Krambeck 
etal. Ihis process preferably steam strips spent catalyst at 
500-550-C (932 to 1022T, , which is beneficial but not sufficient 
to remove some undesirable sulfur- or hydrogen-containing 
components. 



Steam is always present in KC regenerators although it 
is known to cause catalyst deactivation. Steam is not 
intentionally added, but is invariably present, usually as 
adsorbed or entrained steam fran steam stripping or catalyst or 
30 as water of combustion formed in the regenerator. 
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ftor stripping leads to a double dose of steam in the 
regenerator, first from the adsorbed or entrained s team and 
second from hydrocarbons left on the catalyst due to poor 
catalyst stripping. Catalyst passing from an PCC stripper to an 
PCC regenerator contains hydrogen-containing components, such as 
coke or unstripped hydrocarbons adhering thereto. This hydrogen 
burns in the regenerator to form water and cause hydrothermal 
degradation. 

U.S. Patent No. 4,336,160 to Dean et al attempts to 
reduce hydrothermal degradation by staged regeneration. However, 
the flue gas from both stages of regeneration contains so which 
is difficult to clean. It would be beneficial, even in staged 
regeneration, if the amount of water precursors present on 
stripped catalyst was reduced. 

Steaming of catalyst becomes more of a problem as 
regenerators get hotter. Higher temperatures greatly accelerate 
the deactivating effects of steam. 



Regenerators are operating at higher and higher 
temperatures. This is because most PCC units are heat balanced, 
that is, the endothermic heat of the cracking reaction is 
supplied by burning the coke deposited on the catalyst, with 
heavier feeds, more coke is deposited on the catalyst than is 
needed for the cracking reaction. Die regenerator gets hotter, 
and the extra heat is rejected as high temperature flue gas. 
M&ny refiners severely limit the amount of resid or similar high 
Conradson Carbon Residue (OCR) feeds to that amount which can be 
tolerated by the unit. High temperatures are a problem for the 
metallurgy of many- units, but more importantly, are a problem for 
the catalyst. Ihthe regenerator, the burning of coke and 
unstripped hydrccarbons leads to much higher surface temperatures 
on the catalyst than the measured dense bed or dilute phase 
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temperature, mis Is discussed by Occelli et al in Dual-Function 
Cracking Catalyst Mixtures, Ch. 12, Fluid catalytic cracking, ACS 
Symposium series 375, American Chemical Society, Washington, 
D.C., 1988. 

Some regenerator temperature contro l is possible by 
2 

produced in the regenerator. Burning 
coke partially to CO produces less heat than complete combustion 
to co 2 . However, in some cases, this control is insufficient 
and also leads to increased 00 emissions, which can be a problem 
unless a 00 boiler is present. 

U.S. Patent No. 4,353,812 to Iomas et al discloses 
cooling catalyst from a regenerator by passing it through the 
shell side of a heat-exchanger with a cooling medium through the 
tube side. a. cooled catalyst is recycled to the regeneration 
15 zone, -mis approach removes heat from the regenerator, but does 
not prevent poorly, or even well, stripped catalyst from 
experiencing very high surface or localized temperatures in the 
regenerator. One Iomas process does not control the temperature 
of catalyst from the reactor stripper to the regenerator. 

The prior art also used dense or dilute phase regenerated 
fluid catalyst heat removal zones or heat-exchangers that are 
remote from, and external to, the regenerator vessel to cool hot 
regenerated catalyst for return to the regenerator. Examples of 
such processes are found in U.S. Patent Nos. 2,970,117 to Harper; 
2,873,175 to Owens; 2,862,798 to MSKinney; 2,596,748 to Watson et 
al; 2,515,156 to Jahnig et al; 2,492,948 to Berger; and 2,506,123 
to Watson. In these processes the regenerator operating 
temperature is affected by the temperature of catalyst from the 
stripper. 
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Burning of nitrogenous cxapounds in FCC regenerators has 
long led to creation of minor amounts of No^ some of which were 
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emitted with. the. regenerator flue gas. Usually these emissions 
were not much of a problem because of relatively low temperature, 
a relatively reducing atmosphere from p»-H a i combustion of CO 
and the absence of catalytic metals lite Pt in the regenerator 
which increase Np x production. 

Jfeny roc units now operate at higher tenperatures, with a 
more oxidizing atmosphere, and use 00 ccnbustion promoters such 
as Pt. These changes in regenerator operation reduce 00 
emissic n54r but usually increase nitrogen oxides (NO ) in the 
regenerator flue gas. It is difficult in a catalyst regenerator 
to completely burn cote and 00 in the regenerator without 
increasing the K> x content of the regenerator flue gas, so NO 
emissions are now frequently a problem. X 
To reduce N0 X emissions, it has been suggested to use 
15 combustion promoters, steam treatment of conventinoal metallic 00 
combustion promoter, multi-stage roc regenerators, ccuntercurrent 
regeneration, addition of a vaporizable fuel to the upper portion 
of a roc regenerator, adjust the ccncentration of 00 combustion 
promoter and reduce the amount of flue gas by using oxygen rather 
than air. These i ^approaches still may fail to meet the ever more 
stringent l» x emissions limits set by local governing bodies. 
*tach of the N0 X formed is not the result of combustion of N 
within the FCC regenerator, but rather combustion of 2 
nitrogen-containing conpounds in the cote entering the roc 
regenerator. Bimetallic ccobustion promoters are probably best 
at minimizing NO^ formation from N 2 . 

unfortunately, the trend to heavier feeds usually means 
that the amount of nitrogen conpounds on the cote will increase 
and that N0 X emissions will increase. Higher regenerator 
30 tenperatures also tend to increase N0 X emissions, it would be 
beneficial, in many refineries, to have a way to burn at least a 
large portion of the nitrogenous cote in a relatively reducing 
atmosphere, so that such of the N0 X fornix could be converted 
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into N 2 within the regenerator. Unfortunately, most existing 
regenerator designs cannot operate efficiently at such 
conditions, i.e. , with a reducing atmosphere. 

It would be beneficial if a better stripping process were 
available which would permit increased recovery of valuable, 
strippable hydrocarbons. There is a need for a higher 
temperature stripper, which will not lead to a higher temperature 
regenerator. There is a special need to remove more hydrogen 
from spent catalyst to minimize hydrothermal degradation in the 
regenerator. It would be further advantageous to remove more 
sulfur-containing compounds from spent catalyst prior to 
regeneration to minimize S0 X in the regenerator flue gas. Also, 
it would be advantageous to have a better way to c o ntrol 
regenerator temperature. 

The present invention provides a way to achieve much 
better high temperature stripping of coked FOC catalyst. The 
present invention not only improves stripping, and increases the 
yield of valuable liquid product, it reduces the load placed on 
the catalyst regenerator, minimizes S0> x emissions, and permits 
the unit to process more difficult feeds. Regenerator 
temperatures can be reduced, or maintained constant while 
processing worse feeds, and the amount of hydrothermal 
deactivation of catalyst in the regenerator can be reduced. 

According to the present invention, a fluidized catalytic 
cracking process is provided wherein a heavy hydrocarbon feed 
comprising hydrocarbons having a boiling point above 343 -c 
(650-P) is catalytically cracked to lighter products comprising 
the steps of: catalytically cracking the feed in a catalytic 
cracking zone operating at catalytic cracking conditions by 
contacting the feed with a source of hot regenerated catalyst to 
produce a cracking zone effluent mixture having an effluent 
temperature and comprising cracked products and spent cracking 
catalyst containing coke and strippable hydrocarbons; separating 
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the cracking zone effluent mixture into a cracked pr oduc t rich 
vapor phase and,a solids rich phase apprising the spent catalyst 
and strippable hydrocarbons, the solids rich phase having a 
temperature; heating the solids rich phase by mixing it with a 
5 source of hot regenerated catalyst having a higher temperature 
than the solids rich phase to produce a catalyst mixture 
conprising spent and regenerated catalyst having a catalyst 
mixture temperature intermediate the solids rich phase 
temperature and the temperature of the regenerated catalyst; 
10 stripping in a primary stripping stage the catalyst mixture with 
a stripping gas to remove strippable compounds from spent 
catalyst to produce a strippe d catalyst stream; cooling a source 
of hot regenerated catalyst by passing hot regenerated catalyst 
through a cooling means to produce cooled regenerated catalyst; 
15 cooling the stripped catalyst stream by direct contact heat 
exchange with cooled regenerated catalyst to produce a cooled, 
stripped catalyst stream; regenerating the cooled, stripped 
catalyst stream by contact with oxygen or an oxygen containing 
gas in a Regenerating means to produce hot regenerated catalyst 
20 as a result of combustion of coke on the spent catalyst; 

recycling to the cracking reaction zone a portion of the hot 
regenerated catalyst to crack more hydrocarbon feed; recycling 
to the primary stripping stage a portion of the regenerated 
catalyst to heat spent catalyst, and recycling to the regenerated 
25 catalyst cooling means a portion of the regenerated catalyst to 
produce cooled reg ene r a ted catalyst. 

In another embodiment, the present invention provides an 
apparatus for the fluidized catalytic cracking of a heavy 
hydrocarbon feed, comprising hydrocarbons having a boiling point 
30 above 343'fr (650'F) to lighter products by contacting the feed 
with catalytic cracking catalyst comprising a catalytic cracking 
reactor means having an inlet connective with the feed and with a 
source of hot regenerated catalyst and having an outlet for 
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discharging a cracking zone effluent mixture apprising cracked 
products and spent cracking catalyst containing coke and 
strifpable hydrocarbons; a separation means connective with the 
reactor outlet for separating the cracking zone effluent mixture 
mto a cracked product rich vapor phase and a solids rich phase 
prising the spent catalyst and strippable hydrocarbons ; a hot 
strapping means having an upper portion and a lower portion and 
comprising an inlet for a source of hot regenerated cracking 
catalyst in the upper portion thereof, an inlet for spent 
catalyst, an inlet for a stripping gas, a stripping vapor outlet 
for stripping vapors and a solids outlet for discharge of hot 
stripped solids in a lower portion thereof; a regenerated 
catalyst cooling means comprising a vessel adapted to contain a 
fluidized bed of catalyst and having an inlet connective with a 
source of hot regenerated catalyst, a heat exchange means 
unmersed at an elevation within the fluidized bed of catalyst for 
removal of heat to produce cooled regenerated catalyst, an inlet 
for a Guidizing gas , and an cutlet for cooled, regenerated 
catalyst; a direct contact heat exchange means for contact and 
cooling of hot stripped solids with cooled regenerated catalyst 
to produce cooled stripped catalyst; a catalyst regeneration 
means having an inlet connective with the cooled, stripped 
catalyst, a regeneration gas inlet, a flue gas outlet, and an 
outlet for removal of hot regenerated catalyst; and catalyst 
recycle means connective with the catalytic cracking reaction 
zone, the primary stripping zone, and the hot regenerated 
catalyst cooling means. 

Ihe Figure is a simplified schematic view of an FCC unit 
with a hot stripper of the invention. 

The present invention can be better understood by 
reviewing it in conjunction with the Figure, which illustrates a 
fluid catalytic cracking system of the present invention. 
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Although a preferred FCC unit is shown, any riser reactor and 
regenerator can be used in the present invention. 

A heavy feed is charged via line 1 to the lower end of a 
riser cracking PQC reactor 4. Hot regenerated catalyst is added 
5 via standpipe 102 and c on t r ol valve 104 to mix with the feed . 
Preferably, som^ atrmizing steam is added via line 141 to the 
base of the riser, usually with the feed . With heavier feeds, 
e. g. , a resid, 2-10 wt.% steam may be used. A 
hydrocarbon-catalyst mixture rises as a generally dilute phase 
10 through riser 4. Cracked products and coked catalyst are 

discharged via riser effluent conduit 6 into first stage cyclone 
8 in vessel 2. r ibe riser top temperature, the tenperature in 
conduit 6, ranges^ between 480 and 615*C (900 and 1150T) , and 
preferably between 538 and 595'C (1000 and 1050T) . Hie riser 
15 top temperature is usually controlled by adjusting the catalyst 
to oil ratio in riser 4 or by varying feed preheat. 

Cyclone 8 separates most of the catalyst from the cracked 
products and discharges this catalyst down via dipleg 12 to a 
stripping zone 30 located in a lower portion of vessel 2. Vapor 
20 and minor amounts of catalyst exit cyclone 8 via 

conduit 20 and flow into connector 24, which allows for thermal 
expansion, to conduit 22 which leads to a second stage reactor 
cyclone 14. Die second cyclone 14 recovers some addition al 
catalyst which is discharged via dipleg 18 to the stripping zone 
25 30. 

Ihe second stage cyclone overhead stream, which incl udes 
cracked products and catalyst fines, passes via effluent conduit 
16 and line 120 to product fracticnators not shown in the figure. 
Stripping vapors enter the atmosphere of the vessel 2 and exit 
30 this vessel via outlet line 22 or by passing through the annular 
space 10 ripfinpti by outlet 20 and inlet 24. 

One coked catalyst discharged from the cyclone diplegs 
collects as a bed of catalyst 31 in the stripping zone 30. 
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Dipleg 12 is sealed by being extended Into the catalyst bed 31. 
Dipleg 18 is sealed by a trickle valve 19. 

Although only two cyclones 8 and 14 are shown, many 
cyclones, 4 to 8, are usually used in each cyclone separation 
stage. A preferred closed cyclone system is described in U.S. 
Patent NO. 4,502,947 to Haddad et al. 

Stripper 30 provides for ••hot stripping" in bed 31. 
Spent catalyst is mixed in bed 31 with hot catalyst from the 
regenerator. Direct contact heat exchange heats spent catalyst. 
The regenerated catalyst, which has a temperature from 55'C 
(100'F) above the stripping zone 30 to 87rc (1600T) , heats 
spent catalyst in bed 31. Catalyst from regenerator 80 enters 
vessel 2 via transfer line 106, and slide valve 108 which 
controls catalyst flow. Adding hot, regenerated catalyst permits 
first stage stripping at from 55'C (lOO'F) above the riser 
15 reactor outlet temperature and 816*C (1500'F). Preferably, the 
first stage stripping zone operates at least 83'C (150'F) above 
the riser top temperature, but below 760 *C (1400'F) . 

In bed 31 a stripping gas, preferably steam, flows 
counterairrent to the catalyst. Bie stripping gas is preferably 
introduced into a lower portion of bed 31 by one or more conduits 
134. Bed 31 preferably contains trays or baffles 32. The trays 
may be disc- and ocughnut-shaped and may be perforated or 
unperforated. 

Stripping zone 31 may contain an additional point or 
points of steam or other stripping gas injection at lower points 
an the bed, such as by line 234 in the base of the stripping 
zone. The stripping gas added at the base, such as 234, may be 
added primarily to promote better fluidization as the base of the 
stripper and perform little stripping, thus an entirely different 
stripping gas may be used, such as flue gas. Multiple points of 
withdrawal of stripping vapor, as by exhaust line 220, may be 
provided. 
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The spent catalyst residence time in bed 31 in the 
stripping zone 30 preferably ranges from 1 to 7 minutes. The 
vapor residence time in bed 31 preferably ranges from 0.5 to 30 
seconds, and most preferably 0.5 to 5 seconds. 

High temperature stripping removes coke, sulfur and 
hydrogen from the spent catalyst. COke is removed because carbon 
in the unstripped hydrocarbons is burned as coke in the 
regenerator. The sulfur is removed as hydrogen sulfide and 
mercaptans. The hydrogen is removed as molecular hydrogen, 
hydrocarbons, and hydrogen sulfide. The removed materials also 
increase the recovery of valuable liquid products, because the 
stripper vapors can be sent to product recovery with the bulk of 
the cracked products from the riser reactor. High temperature 
stripping can reduce coke load to the regenerator by 30 to 50% or 
more and remove 50-80% of the hydrogen as molecular hydrogen, 
light hydrocarbons and other nydrogen-containing compounds, and 
remove 35 to 55% of the sulfur as hydrogen sulfide and 
mercaptans, as well as a portion of nitrogen as ammonia and 
cyanides. 

After high temperature stripping in bed 31, the catalyst 
has a much reduced content of strippable hydrocarbons, but is too 
hot to be charged to the regenerator. The combination of high 
initial temperature, and rapid combustion of residual strippable 
hydrocarbons, and to a lesser extent of coke, could result in 
extremely high idealiz ed temperatures on the surface of the 
catalyst during regeneration. To reduce the bulk temperature of 
the hot stripped catalyst, the present invention provides for 
direct contact cooling of catalyst after catalyst stripping. 

The hot stripped catalyst from bed 31 passes down through 
baffles 32 and is, : cooled by direct contact heat exchange with 
cooled, regenerated catalyst. Opening 406 allows hot, 
regenerated catalyst to flow into catalyst cooler 231. A stab in 
heat exchanger or tube bundle 48 is inserted into the lower 
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portion of bed 231. For effective heat exchange, the bed 231 
should be fluidized with a gas or vapor, added via line 34 and 
distributing means 36. Preferably, steam is not used here, 
because the freshly regenerated catalyst is very hot, and steam 
5 addition would cause unnecessary s teamin g. 

ELuidizing gas 34 not only improves heat transfer across 
tube bundle 48, it provides a good way to control the amount of 
catalyst that is cooled, for direct contact cooling, versus the 
amount of catalyst that is added hot to the stripper, for direct 
10 contact heating. When little or no fluidizing gas is added to 
vessel 231, it fills with catalyst frm the regenerator but does 
not flow out readily. Fluidizing gas expands and fluidizes the 
bed, permitting it to flow lite a liquid through opening 406 
down around baffle 407 and back up through opening 408 and 
through downcomer 409 to contact hot, stripped catalyst in the 
base of the stripper 30. 

Valve 108 controls the total amount of regenerated 
catalyst sent to the stripper 31. Ihe amount of fluidizing gas 
determines the split between regenerated catalyst that is added 
hot, and regenerated catalyst that is added cold, by flowing 
through heat exchanger section 231. 

Although not shown in the drawing, additional stages of 
baffling, or of stripping may be present downstream of the point 
of addition of cooled, regenerated catalyst. Line 42 may contain 
one or more splitters or flow dividers, to promote mixing cooled 
regenerated catalyst with hot stripped catalyst. 

The amount of fluidizing gas added via line 34 also 
permits some control of the heat transfer coefficient across tube 
bundle 48, permitting some control of heat transfer from hot 
catalyst to fluid in line 40 (typically boiler feed water or low 
grade stream) to produce heated heat transfer fluid in line 56 
(typically high grade steam.) 
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Preferably the catalyst exiting the stripper is at least 
28-C (50-P) cooler than the catalyst in the hot stripper, or bed 
31. Mare, preferably, the catalyst leaving the stripper via line 
42 is 42 to ill's (75-200'F) cooler than the catalyst in bed 31. 

5 • Stripped cooled catalyst passes via effluent line 42 and 

valve 44 to the regenerator. A catalyst cooler, not shown, nay 
be provided to further cool the catalyst, if necessa ry to 
maintain the regenerator 80 at a temperature between 55'C (100'F) 
above the temperature of the stripping zone 30 and 871*C 

10 (1600 *F) . 

When an external catalyst cooler is used it preferably is 
an indirect heat-exchanger using a heat-exchange medium such as 
liquid water (boiler feed water) . 

She oooled catalyst passes through the conduit 42 into 
regenerator riser 60. Air and cooled catalyst combine and pass 
up through an air catalyst disperser 74 into coke ccmbustor 62 in 
regenerator 80. In bed 62, combustible materials, such as coke 
on the oooled catalyst, are burned by contact with air or oxygen 
containing gas. At least a portion of the air passes via line 66 
and line 68 to riser-mixer 60. 

Preferably the amount of air or oxygen containing gas 
added via line 66, to the base of the riser mixer 60, is 
restricted to 50-95% of total air addition to the regenerator 80. 
Restricting the air addition slows down to some extent the rate 
of carbon burning in the riser mixer, and in the process of the 
present invention it is the intent to minimize as much as 
possible the localized high temperature experienced by the 
catalyst in the regenerator. Limiting the air limits the burning 
and temperature rise experienced in the riser mixer, and limits 
the amount of catalyst deactivation that occurs there. It also 
ensures that most of the water of combustion, and resulting 
steam, will be formed at the lowest possible temperature. 
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Additional air, preferably 5-50 % of total air, is 
preferably added to the cote ocmbustor via line 160 and air ring 
167. In this way the regenerator 80 can be sullied with as much 
air as desired, and can achieve complete afterburning of CO to 
O0 2 , even while burning much of the hydrocarbons at relatively 
mild, even reducing conditions, in riser mixer 60. 

To achieve the high temperatures usually needed for rapid 
cote combustion, and to promote 00 afterburning, the temperature 
of fast fluidized bed 76 in the cote ccmbustor 62 may be, and 
preferably is, increased by recycling sane hot regenerated 
catalyst thereto via line 101 and control valve 103. 

in cote ccmbustor 62 the combustion air, regardless of 
whether added via line 66 or 160, fluidizes the catalyst in bed 
76, and subsequently transports the catalyst continuously as a 
dilute phase through the regenerator riser 83. Die dilute phase 
passes upwardly through the riser 83, through a radial arm 84 
attached to the riser 83. Catalyst passes down to form a second 
relatively dense bed of catalyst 82 located within the 
regenerator 80. 

While most of the catalyst passes down through the radial 
arms 84, the gases and some catalyst pass into the atmosphere or 
dilute phase region 183 of the regenerator vessel 80. one gas 
passes through inlet conduit 89 into the first regenerator 
cyclone 86. Some catalyst is recovered via a first dipleg 90, 
while remaining catalyst and gas passes via overhead conduit 88 
into a second regenerator cyclone 92. The second cyclone 92 
recovers more catalyst, and passes it via a second dipleg 96 
having a trickle valve 97 to the second dense bed. Flue gas 
exits via conduit 94 into plenum chamber 98. A flue gas stream 
110 exits the plenum via conduit 100. 

tte hot, regenerated catalyst forms the bed 82, which is 
substantially hotter than the stripping 2cne 30. Bed 82 is at 
least 55-C (100-F) hotter than stripping zone 31, and preferably 
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at least 83'C (150 T) hotter. Hie regenerator taiperature is, at 
most, 871'C (1600 *F) to prevent deactivating the catalyst. 

Optionally, air nay also be added via line 70, and 
control valve 72, to an air header 78 located in dense bed 82 

Adding combustion air to second dense bed 82 allows seme 
of the cote combustion to be shifted to the relatively dry 
atmosphere of dense bed 82, and minimize hydrothernal degradation 
of catalyst. Diere is an additional benefit, in that the staged 
addition of air limits the temperature rise experienced by the 
catalyst at eachistage, and limits somewhat the amount of time 
that the catalyst is at high temperature. 

Preferably, the amount of air added at each stage (riser 
mixer 60, cote ccmbustor 62, transport riser 83, and second dense 
bed 82) is monitored and controlled to have as much hydrogen 
combustion as soon as possible and at the lowest possible 
temperature while carbon combustion occurs as late as possible, 
and highest temperatures are reserved for the last stage of the 
process. In this way, most of the water of combustion, and most 
of the extremely high transient temperatures due to burning of 
poorly stripped hydrocarbon occur in riser mixer 60 where the 
catalyst is coolest, ihe steam formed will cause hydrothernal 
degradation of the zeolite, but the temperature will be so low 
that activity loss will be minimized. Reserving some of the cote 
burning for the second dense bed will limit the highest 
temperatures to tfte driest part of the regenerator. Ihe water of 
combustion formed' in the riser mixer, or in the cote combustor, 
will not contact catalyst in the second dense bed 82, because of 
the catalyst flue gas separation which occurs exiting the dilute 
phase tr an sport riser 83. 

Ihere are several con s traints an the process. If 
complete 00 combustion is to be achieved, temperatures in the 
dilute phase ti au bpur t riser must be high enough, or the 
concentration of 00-combustion promoter must be great enough, to 
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have essentially complete combustion of 00 in the transport 
riser. limiting cxnbustion air to the coke coaibustor or to the 
dilute phase transport riser (to shift sane cote canbustion to 
the second dense bed 82) will make it acre difficult to get 
conplete CO canbustion in the transport riser. Higher levels of 
CO canbustion promoter will promote the dilute phase burning of 
00 in the transport riser while having much less effect on carbon 
burning rates in the cote ocofcustor or transport riser. 

If the unit operates in only partial combustion mode, to 
allow only partial 00 combustion, and shift heat generation, to a 
00 boiler downstream of the regenerator, then much greater 
latitude re air addition at different points In the regenerator 
is possible. Partial 00 combustion will also greatly reduce 
emissions of N0 x associated with the regenerator. Partial CD 
combustion is a good way to accommodate unusually bad feeds, with 
OCR levels exceeding 5 or 10 wt %. Downstream combustion, in a 
00 boiler, also allows the cote burning capacity of the 
regenerator to increase and permits much more cote to be burned 
using an existing air blower of limited capacity 

Regardless of the relative amounts of ccnfcustion that 
occur in the various zones of the regenerator, and regardless of 
whether complete or only partial 00 combustion is achieved, the 
catalyst in the second dense bed 82 will be the hottest catalyst, 
and will be preferred for use as a source of hot, regenerated 
catalyst for heating spent, coked catalyst in the catalyst 
stripper of the invention. Preferably, hot regenerated catalyst 
is withdrawn from dense bed 82 and passed via line 106 and 
control valve 108 into dense bed of catalyst 31 in stripper 30. 

Now that the invention has been reviewed in connection 
with the embodiment shown in the Figure, a more detailed 
discussion of the different parts or the process and apparatus of 
the present invention follows. Many elements of the present 
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invention can be conventional, such as the exacting catalyst, so 
only a 1 imifpri d is cus sio n of such elements is necessary. 

FCC FEED 

Any cawenticmaT FCC feed can be used. Hie p r o ces s of 
5 the present invention is especially useful for processing 

difficult charge, stocks, those with high levels of OCR material, 
exceeding 2, 3, 5 and even 10 wt %CCR. The process, especially 
when operating in a partial CO combustion mode, tolerates feeds 
which are relatively high in nitrogen content, and which 
10 otherwise might result in unacceptable NO x emissions in 
conventional FCC units. 

The feeds may range from the typical, such as petroleum 
riisHH al -pc; or residual stocks, either virgin or partially 
refined, to the ^typical, such as coal oils and shale oils. The 
15 feed frequently will contain recycled hydrocarbons, such as light 
and heavy cycle, ills which have already been subjected to 
cracking. 

Preferred feeds are gas oils, vacuum gas oils, 
atmospheric resids, and vacuum resids. Die present invention is 
20 most useful when greeds boiling above 343 *C (650'F) are used, and 
preferably when the feed contains 5wt%crl0wt%ar more of 
material boiling above 538 *C (1000°F) . 

FCC CMRLYSrr 

Any ocranercdally available FCC catalyst may be used. The 
25 catalyst can be 100% amorphous, but preferably includes seme 
zeolite in a porous refractory matrix such as silica-alumina, 
clay, or the like; The zeolite is usually 5-40 wt.% of the 
catalyst, with the rest being matrix. Conventional zeolites 
include X and Y zeolites, with ultra stable, or relatively high 
>0 silica Y zeolites being preferred. Dealuminized y (DEAL Y) and 
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ultrahydrcpncbic Y (UHP Y) zeolites may be used. The zeolites 
may be stabilized with Pare Earths, e.g., 0.1 to 10 Wt % RE. 

Relatively high silica zeolite containing catalysts are 
preferred for use in the present invention. Biey withstand the 
high temperatures usually associated with complete combustion of 
00 to G0 2 within the FCC regenerator. 

Ohe catalyst inventory may also contain one or more 
additives, either present as separate additive particles or mixed 
in with each particle of the cracking catalyst. Additives can be 
added to enhance octane (shape selective zeolites, i.e., those 
having a Constraint Index of 1-12, and typified by ZSM-5, and 
other materials having a similar crystal structure), adsorb SO 
(alumina) , remove Ni and v (Mg and ca oxides) . * 
She FCC catalyst composition, perse, forms no part of 
15 the present invention. 

KT REACTOR ODNDTTTnus 

Conventional FCC reactor conditions may be used The 
reactor may be either a riser cracking unit or dense bed unit or 
both. Riser cracking is highly preferred. Typical riser 
cracking reaction conditions include catalyst/oil ratios of 0.5-1 
to 15:1 and preferably 3:1 to 8:1, and a catalyst/oil contact 
time of 0.5-50 seconds, and preferably 1-20 seconds. 

Ohe FCC reactor conditions, perse, are conventional and 
form no part of the present invention. 

Direct contact heating and cooling of catalyst around the 
catalyst stripper is the essence of the present invention. 

Heating of the coked, or spent catalyst is the first 
step. Direct contact heat exchange of spent catalyst with a 
source of hot regenerated catalyst is used to efficiently heat 
spent catalyst. 



20 



30 



WO 90/12076 



PCT/US90/01881 



—20— 



10 



15 



20 



25 



30 



Spent catalyst fran the reactor, usually at 482* to 621*C 
(900* to 1150'F) preferably at 510* to 593*C (950 to llOO'F), is 
charged to the stripping zone of the present invention and 
contacts hot regenerated catalyst at a temperature of 649 '-927 "C 
(1200-1700'F) , preferably at 704' -871 *C (1300-1600 *F) . The spent 
and regenerated catalyst can sinply be added to a conventional 
stripping zone with no s ppnial mixing steps taken. The slight 
fluidizing action of the stripping gas, and the normal amount of 
stirring of catalyst passing through a conventional stripper will 
provide enough mixing effect to heat the spent catalyst. Some 
mixing of spent and regenerated catalyst is preferred, both to 
promote rapid heating of the spent catalyst and to ensure even 
distribution of spent catalyst through the stripping zone. 
Mixing of spent and regenerated catalyst may be promoted by 
providing some additional fluidizing steam or other stripping gas 
at or just below the point where the two catalyst streams mix. 
Splitters, baffles or mechanical agitators may also be used if 
de sired. 

The amount of hot regenerated catalyst added to spent 
catalyst can vary greatly depending en the stripping tenperature 
desired and on the amount of heat to be removed via the stripper 
heat removal means discussed in more detail below, in general, 
the weight ratio of regenerated to spent catalyst will be from 
1:10 to 10:1, preferably 1:5 to 5:1 and most preferably 1:2 to 
2:1. High ratios of regenerated to spent catalyst will be used 
when extremely high stripping efficiency are needed or when large 
amounts of heat removal are sought in the stripper catalyst 
cooler. Small ratios will be used when the desired stripping 
temperature, or stripping efficiency can be achieved with smaller 
amounts of regenerated catalyst, or when heat removal from the 
stripper cooler must be limited. 
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DIRECT onrr&rr ffigtfig 

Ihe process of the present invention provides an 
efficient, and, readily retrofitted, means of cooling catalyst 
from the hot stripper. Direct contact heat exchange of 
relatively hot catalyst in the stripper with a source of 
relatively cool catalyst provides an efficient and compact method 
of cooling the hot catalyst from the stripper upstream of the 
regeneration zone. 

She catalyst for direct contact cooling is preferably 
also taken from the regenerator, although it must be passed 
through at least one stage of catalyst cooling before being added 
to the stripping zone. 

me process and apparatus of the present invention may be 
easily added to existing BOC units. Most existing stripper 
designs, usually with no or only minor modifications, can 
accomodate the slight increases in mass flow through the 
stripper caused by direct contact heating of catalyst. This is 
because FCC units must have stripping zones which will 
accommodate greatly varying flows, because quite different 
catalyst to oil ratios are frequently needed to accommodate 
changes of catalyst activity, reactor temperature required, or 
changes in feed composition affecting crackability or of 
regenerator temperature. 

To illustrate, most existing FOC unit strippers are 
designed to operate with up to a 5:1 CftT:OIL ratio. When heavier 
feeds cause the regenerator temperature to increase, or complete 
co combustion in the regenerator mates for hotter catalyst, the 
reactor does not require nearly as much catalyst circulation to 
achieve the same top temperature. Ihere is therefor considerable 
excess capacity in the stripping section when the unit is 
operating at a CAT: OIL ratio of 3:1. 

Assuming that the catalyst stripper can accannodate only 
a 20% increase in catalyst flow, the following change in stripper 
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temperature canbe achieved by adding 20% extra hot, regenerated 
catalyst to the stripper. 

IIIDSTOATIVE EMBODIMENT - HEftTTNE 

BASIS: Riser top temperature = 538 'C (iooo*F) , 
5 regenerated catalyst temperature = 732*C (1350'F), constant heat 
edacity assumed, cooling due to stripping steam ignored, as is 
heat loss due to radiation, etc. Catalyst flow (spent catalyst 
from stripper) is assumed to be 100 kg/sec (this corresponds to a 
modest size octnnercial FCC unit, with a roughly 19,000 BPD oil 
10 feed, and a 3:1 Cat:oil ratio.) 

IN: 100 kg/S 6 538 *C (1000 *F) 
ADD: 20 kg/s @ 732*C (1350'F) 
COT: 120 kg/s § 570*C (1058*F) . 

An increase in catalyst temperature of over 28 °C (50'F) will 
15 significantly increase the effectiveness of the catalyst 
stripper. . 

I^BTRATIUE EMBODIMENT - QQOUNG 

BASIS: Use of an external heat exchanger to cool 30 kg/s 
of hot regenerated catalyst from 732*C to 399'C (1350*F to 

0 750'F) . Ibis amount of cooling is readily achievable as there 
are so many fluid streams circulating around a typical FCC unit 
with tenperatures ranging from ambient to a few hundred "F. 
Because of the large temperature differential available for heat 
transfer, a £ airly small heat exchanger may be used to achieve 

5 catalyst ceding. 

IN: 120 kg/s § 570*C (1058'F) 
ADD: 30 kg/s § 399'C (750*F) 
COT: 150 kg/s 8 536'C (996.4'F) 

Ihe traffic through the stripper need only be increased 

> by 20 %, the amount of hot catalyst added. One cooled catalyst 
can be added at the base of the stripper, or even downstream of 
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the stripper, with the cooled and stripped catalyst simple mixing 
in the transfer line going to the regenerator. 



20 art. 



IS 

By operating in this way, significantly enhanced 
stripping of spent catalyst can be achieved. The coke 
opposition of a typical spent roc catalyst is reported below, 
followed by the composition of the same catalyst after 
conventional stripping, and after the stripping process of the 
invention. 

mere will be significant redactions in the Wt % cote on 
catalyst to the regenerator, and in Wt % H in the cote on spent 
catalyst, as compared to prior art cool stripping process, 
without increasing the temperature of the stripped catalyst to 
the regenerator. There will also be a reduction in the % s and % 
N on stripped catalyst of the invention, and a marked reduction 
in the temperature rise experienced by the stripped catalyst 
during the start of the regeneration process, e.g. exiting the 
riser mixer. The steaming severity of the stripping/regeneratoon 
Process of the invention will be much less than that of the prior 



Wt % cote refers to everything deposited on the catalyst 
to mate it spent. It includes sulfur and nitrogen coipounds, 
strippable hydrocarbons, catalytic cote, etc. 

Wt % hydrogen in cote refers to the amount of hydrogen 
that is present in the cote. Mast of the hydrogen comes from 
entrained hydrocarbons or unstripped, adsorbed hydrocarbons, it 
is a measure of stripping efficiency, and also a indicator of how 
much water of conbustion will be formed upon burning the cote 
To a lesser extent, it is an indicator of the extremely high 
transient surface temperatures experienced by the catalyst during 
the start of regeneration. One hydrogen rich materials burn 



WO 90/12076 



PCT/US90/01881 



—24— 



10 



15 



20 



25 



30 



rapidly, and axe believed to produce large, localized hot spots 
on the surface of the catalyst. 

% S removed refers to all sulfur containing compounds on 
the spent catalyst and the extant to which these material are 
rejected in the stripper rather than sent to the regenerator to 
form so x . % N is a similar measure for nitrogen. 

The temperature of the catalyst at the riser mixer outlet 
refers to the measured bulk temperature at the end of a 
conventional riser mixer as shown in the drawing. The present 
invention is not limited to use of a riser mixer, but the riser 
mixer outlet temperature is one of the most sensitive observation 
points in the regenerator. The process of the present invention 
has a much smaller rise in temperature through the riser mixer 
for several reasons. First, there is dilution of spent catalyst 
with 50 % of regenerated catalyst. Ibis dilution effect aids 
greatly in damping temperature increases. The second effect is 
the drastically reduced concentration of strippable hydrocarbons 
in the process of the present invention. These hydrocarbons burn 
quickly, and if roughly half of them can be eliminated from the 
spent catalyst the temperature rise is limited, because the 
catalytic coke on the catalyst does not bum so quickly. 

The reduced surface tenperatures are hard to measure. 
There is no good way known to measure surf ace temperatures in an 
POC, but the results of extremely high surface temperatures have 
been noted by POC researchers observing metal migration on FCC 
catalyst that could only occur at extremely high surface 
temperatures. 

STEAMING FACTOR 

The steaming factor, SF, is a way to measure the amount 
of deactivation that occurs in any part of the FCC process. The 
base case, or a steaming factor of 1.0, is the amount of catalyst 
deactivation that occurs in a conventional FCC regenerator 
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operating at a temperature of 704*0 (1300«F) , with a catalyst 
residence time of 4 minutes, in a regenerator with a steam 
Partial pressure of 41 kBa (6.0 psia). 

Steaming factor is a linear function of residence time 
5 If a regenerator operates as above, but the catalyst residence" 
time is 8 minutes, then the SF is 2. 

Steaming factor is roughly linear with steam partial 
Pressure. SF roughly doubles, or halves, with every change of 
roughly25F. It my be calculated more exactly using the 
10 following equation: 

SF = ftime * PH2Q EXPf-4500/RPl ) 

((4) * (6) EXP (-4500/ (R * 977))) 

For a portion of the FOC process operated at 649 'C, for a 
residence time of 2 minutes, and at a steam partial pressure of 
15 172 kPa (lOpsi), the SF is 0.21. Fissure or 

For an FOC process unit operation at 760'C, steam partial 
Pressure of 110 kPa (H^o of 1.0), and a residence time of 4 
minutes, the SF is 0.59. 

Mathematically, it is calculated using the same 
temperature effects used for Visbreaking (Base temp, of (427 'C)) 
adjusted for seconds of residence time, and based on a linear 
extrapolation of steam partial pressure. If Foe catalyst spends 
1.0 second at 427'C (800'F) under 101 kPa (1.0 atm) steam partial 
Pressure, then the steaming factor is 1.0 s. Seducing the steam 
Partial pressure to 50.5 kRa ( V 2 atm.) vould reduce the steaming 
factor to 0.5 s. Increasing the residence time to 10 seconds at 
760'C (800-F), at 50.5 kPa (0.5 atm.) steam partial pressure ' 
would give a steaming factor of 5.0 s. One steaming factor is 
based on bulk temperatures, so it probably understates the 
^Portance of the present invention in reducing the amount of 
damage done to FCC catalyst by steaming in the regenerator. 

3he deactivation of FCC catalyst in the unit is of course 
not Dust dependent on steaming in the riser mixer in the 
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regenerator, tut on steaming in every part of the unit, including 
the steam stripper, deactivation due to metals deposition, etc. 
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qgaiasr re generation 

^ ~ —————— 

ThVinvention can benefit roc units using any type of ' 
regenerator, ranging from single dense bed regenerators to the 
more modern, high efficiency design shown in the Figure. 

Single, dense phase fluidized bed regenerators can be 
used, but are not preferred. Obese generally operate with spent 
catalyst and combustion air added to a dense phase fluidized bed 
in a large vessel, lhere is a relatively sharp demarcation 
between the dense phase and a dilute phase above it. Hot 
regenerated catalyst is withdrawn from the dense bed for reuse in 
the catalytic cracking process, and for use in the hot stripper 
of toe present invention. 

High efficiency regenerators, preferably as shown and 
described in the Figure, are the preferred catalyst regenerators 
for use in toe practice of the present invention. 
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FCC RBSEMRRyrry 
The temperatures, pressures, oxygen flow rates, etc., are 
within the broad ranges of those heretofore found suitable for 
FCC regenerators, especially those operating with substantially 
complete combustion of CO to <X> 2 within toe regeneration zone. 
Suitable and preferred operating conditions are: 

— §1213 Pref ?r r a ri 



Temperature, • c 
(•F) 

Catalyst Residence 
Time, Seconds 

Pressure, kPa 
(atmospheres) 

% Stoichiometric 0„ 



593-927*C 
(1100-1700'F) 

60-3600 



101-1010 
(1-10) 

100-120 



621-760'C 
(1150-1400 *F) 

120-600 



202-505 
(2-5) 

100-105 
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00 COMBUS TION PRdM-TTER 

Use of a 00 combustion promoter in the regenerator or 
ccmbustion zone is not essential for the practice of the present 
invention, however, it is preferred. These materials are 
well-known. 

U.S. 4,072,600 and U.S. 4,235,754 disclose operation of 
an FCC regenerator with minute quantities of a CO combustion 
promoter. From 0.01 to 100 ppm Pt metal or enough other metal to 
give the same CO oxidation, may be used with good results. Very 
good results are obtained with as little as 0.1 to 10 wt. ppm 
platinum present on the catalyst in the unit. In swirl type 
regenerators, operation with l to 7 ppm Pt commonly occurs. Pt 
can be replaced by other metals, but usually more metal is then 
required. An amount of promoter which would give a CO oxidation 
activity equal to 0.3 to 3 wt. ppm of platinum is preferred. 

Conventionally, refiners add CO combustion promoter to 
promote total or partial combustion of CO to CO., within the FCC 
regenerator. More CO combustion promoter can be added without 
undue bad effect - the primary one being the waste of adding more 
CO combustion promoter than is needed to burn all the CO. 

The present invention can operate with extremely small 
levels of 00 combustion promoter while still achieving relatively 
complete 00 ccmbustion because the heavy, resid feed will usually 
deposit large amounts of coke on the catalyst, and give extremely 
high regenerator temperatures. The high efficiency regenerator 
design is especially good at achieving complete CO combustion in 
the dilute phase transport riser, even without any CO combustion 
promoter present, provided sufficient hot, regenerated catalyst 
is recycled from the second dense bed to the coke combustor. 
Catalyst recycle to the coke combustor promotes the high 
temperatures needed for rapid coke combustion in the coke 
ccabustor and for dilute phase CO combustion in the dilute phase 
transport riser. * 
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Usually it will be preferred to operate with much higher 
levels of GO conbustion prcmoter when either partial 00 
combustion is sought, or when more than 5-10 % of the coke 
oonfcustion is shifted to the second dense bed. More 00 
canbustion promoter is needed because catalysis, rather than high 
te m perature, is being relied on for smooth operation. 

This concept advances the development of a heavy oil 
(residual oil) catalytic cracker and high temperature cracking 
unit for conventional gas oils. The process combines the control 
of catalyst deactivation with controlled catalyst 
carbon-contamination level and control of temperature levels in 
the stripper and regenerator. 

The hot stripper temperature controls the amount of 
carbon removed from the catalyst in the hot stripper. 
15 Accordingly, the hot stripper controls the amount of carbon (and 
hydrogen, sulfur) remaining on the catalyst to the regenerator. 
This residual carbon level controls the temperature rise between 
the reactor stripper and the regenerator. The hot stripper also 
controls the hydrogen content of the spent catalyst sent to the 
regenerator as a function of residual carbon. Thus, the hot 
stripper controls the temperature and amount of hydrothermal 
deactivation of catalyst in the regenerator. This concept may be 
Practiced in a nulti-stage, multi-temperature stripper or a 
single stage stripper. 

Imploying a hot stripper, to remove carbon on the 
catalyst, rather tfian a regeneration stage reduces air pollution, 
and allows all of the carbon made in the reaction to be burned to 
C0 2 , if desired. 

The stripped catalyst is cooled by direct contact heat 
exchange to a desired regenerator inlet temperature. The 
catalyst cooler controls regenerator temperature, thereby 
allowing the hot stripper to be run at temperatures above the 
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riser tcp tenperature, while allowing the regenerator to be run 
independently of the stripper. 

3he present invention strips catalyst at a temperature 
higher than the riser exit tenperature to separate hydrogen, as 
molecular hydrogen or hydrocarbons fran the coke which adheres to 
catalyst. This minimizes catalyst steaming, or hydrothermal 
degradation, which typically occurs when hydrogen reacts with 
oxygen in the FCC regenerator to form water. The high 
temperature stripper (hot stripper) also removes much of the 
sulfur from coked catalyst as hydrogen sulfide and mercaptans, 
which are easy to scrub, in contrast, burning from coked 
catalyst in a regenerator produces £» x in the regenerator flue 
gas. Ihe high temperature stripping recovers additional valuable 
hydrtxarbon products to prevent burning these hydrtxarbons in the 
regenerator. An additional advantage of the high tenperature 
stripper is that it quickly separates hydrocarbons from catalyst. 
If catalyst contacts hydrocarbons for too long a time at a 
temperature near or above 538 'C (1000'F), then diolefins are 
produced which are undesirable for downstream processing, such as 
20 alkylation. However, the present invention allows a precisely 
controlled, short contact time at 538 «c (looo-F) or greater to 
produce premium, unleaded gasoline with high selectivity. 

Ihe direct contact cooling of stripped catalyst controls 
regenerator tenperature. This allows the hot stripper to run at 
a desired temperature to control sulfur and hydrogen without 
interfering with a desired regenerator temperature, it is 
desired to run the regenerator at least 55'C (100'F) hotter than 
the hot stripper. Usually the regenerator should be kept below 
871-c (1600T) to prevent thermal deactivation of the catalyst, 
although somewhat higher temperatures can be tolerated when a ' 
staged catalyst regeneration is used, with removal of flue gas 
intermediate the stages. 
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CLAIMS 

1. A fl ui d i z ed catalytic cracking p roce s s wherein a 
heavy hydrocarbon f eed conprising hydrocarbons having a boiling 
point above 343'C is catalytically cracked to lighter products 
compr ising the steps of: 
5 a. -catalytically cracking the feed in a catalytic 

cracking zone operating at catalytic cracking conditions by 
contacting the feed with a source of hot regenerated catalyst to 
produce a cracking zone effluent mixture having an effluent 
temperature and conprising cracked products and spent cracking 
10 catalyst containing coke and strippable hydrocarbons; 

b. separating the cracking zone effluent mixture 
into a cracked product rich vapor phase and a solids rich phase 
conprising the spent catalyst and strippable hydrocarbons, the 
solids rich phase having a temperature; 
15 c * heating the solids rich phase by mixing it with 

a source of hot regenerated catalyst having a higher tenperature 
than the solids rich phase to produce a catalyst mixture 
conprising spent and regenerated catalyst having a catalyst 
mixture temperature intermediate the solids rich phase 
20 tenperature and the tenperature of the regenerated catalyst; 

d. stripping in a primary stripping stage the 
catalyst mixture with a stripping gas to remove strippable 
conpounds from spent catalyst to produce a stripped catalyst 
stream; 

25 •- cooling a source of hot regenerated catalyst by 

passing hot reo^nerated catalyst through a cooling means to 
produce cooled regenerated catalyst; 

f. cooling the stripped catalyst stream by direct 
contact heat exchange With the cooled regenerated catalyst to 

30 produce a cooled, stripped catalyst stream; 



WO 90/12076 



PCT/US90/01881 



—Sl- 



lO 



g. regenerating the cooled, stripped catalyst 
stream by contact with oxygen or an oxygen containing gas in a 
regenerating means to produce hot regenerated catalyst as a 
result of combustion of cote on the spent catalyst; 

h. recycling to the cracking reaction zone a 
portion of the hot regenerated catalyst to crack mare hydrocarbon 



i. 



recycling to the primary stripping stage a 
portion of the regenerated catalyst to heat spent catalyst; and 
j. recycling to the regenerated catalyst cooling 
means a portion of the regenerated catalyst to produce cooled 
regenerated catalyst. 

2. The process of claim 1 wherein the regenerated 
catalyst cooling means conprises a vessel containing a heat 
exchanger means, an inlet for hot regenerated catalyst, an outlet 
for cooled regenerated catalyst, and an inlet for fluidizing gas. 

3. The process of claim 2 wherein the cooled 
regenerated catalyst is added to the stripped catalyst in the 
base of the stripping v esse l. 

4. The process of claim 2 wherein the cooled 
regenerated catalyst is added to the stripped catalyst exiting 
the stripping vessel. 

5. Hie process of claim l wherein the amount of hot 
regenerated catalyst added is 5 to 50 wt % of the spent catalyst 
and the temperature of the resulting mixture of hot regenerated 
and spent catalyst ranges from 28 "C above the cracking zone 
effluent temperature to 833 *c. 

6. Die process of claim 1 wherein the amount of cooled 

regenerated catalyst added is 5 to loo wt % of the spent 
catalyst. 

7. Ohe process of claim l wherein the regenerated 
catalyst cooler conprises a separate vessel containii^ a heat 
exchange means and having an inlet in an upper portion thereof 
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for hot regenerated catalyst, an inlet in a lower portion thereof 
for fluidizing gas and an upper outlet for a fluidized mixture of 
fluidizing gas and cooled regenerated catalyst which flows by 
gravity to contact the hot stripped catalyst. 

8. Ihe process of claim l wherein the catalytic 
cracking zone c ompri ses a riser reactor. 

9. me process of claim 1 wherein the regenerator 
comprises: 

a riser mixing zone having an inlet at the base 
thereof for the cooled catalyst mixture and for an oxygen 
containing gas and an outlet at the top connective with a coke 
combustion zone; 

a coke ca±ustion zone adapted to maintain a fast 
fluidized bed of catalyst therein, having a catalyst inlet in a 
lower portion thereof connective with the outlet of the riser 
mixing zone, an inlet within the fast fluidized bed for additional 
oxygen or oxygen containing gas, and an outlet in an upper 
portion thereof connective with a dilute phase transport riser, 
and wherein at least a portion of the coke on the spent catalyst 
is burned to form a flue gas comprising 00 and CX> 2 ; 

a dilute phase transport riser having an inlet in a 
lower portion thereof connective with the coke combustion zone 
outlet and an outlet in an upper portion thereof, and wherein at 
least a portion of the 00 in the flue gas is afterburned to CO 
in the riser to produce at least partially regenerated catalyst 
vidch is discharged from the outlet of the dilute phase transport 
riser into a second dense bed containment vessel; 

a dense bed containment vessel adapted to maintain a 
dense phase fluidized bed of catalyst in a lower portion thereof, 
having an inlet and separation means connective with the dilute ' 
25 phase transport riser outlet for accepting and separating 

material discharged fran the transport riser into a Que gas rich 
Phase and a catalyst rich phase which is collected as a dense 
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Phase fluidi Z ed bed in a lower portion of the ccr±ainment vessel, 
the vessel having regenerated catalyst outlet means connective 
with the dense phase fluidized bed of catalyst; and 

catalyst recycle means connective with the catalytic 
cracking reaction zone and with the primary stage striding zone. 

10. The process of claim 9 wherein the amount of oxygen 
or oxygen containing gas added to toe riser mixer is limited to 
lomit the temperature rise in the riser mixer and wherein 
temperatures in the coke combustion zone are increased by 
"cycling of hot regenerated catalyst from the dense bed in the 
containment vessel to the cote combustion zone to the riser 



mixer. 



11. The process of claim 1 further characterized in that 
a CO combustion promoter comprising 0. 01 to 50 ppa of platinum 
group metal or other metal with an equivalent 00 oxidation 
activity, on an elemental metal basis, based on the weight of 
P^cles in the regenerator is present on the cracking catalyst 

12. An apparatus for the fluidized catalytic cracking of 
a heavy hydrocarbon feed comprising hydrocarbons having a boiling 
point above 650 F to lighter products by contact the feed with 
catalytic cracking catalyst comprising: 

a ' a catalytic cracking reactor means having an 
Wlet connective with the feed and with a source of hot 
regenerated catalyst and having an outlet for discharging a 
cracking zone effluent mixture comprising cracked products and 
spent cracking catalyst containing cote and strippable 
x 0 hydrocarbons; 

b. a separation means connective with the reactor 
outlet for separating the cracking zone effluent mixture into a 
cracked product rich vapor phase and a solids rich phase 
15 the spent catalyst and strippable hydrocarbons; 

c * a hot stripping means having an upper portion 
and a lower portion and comprising an inlet for a source of hot 
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regenerated cracJdng catalyst in the upper portion thereof, an 
inlet for spent catalyst, an inlet for a stripping gas, a 
stripping vapor cutlet for stripping vapors and a solids outlet 
for discharge of hot stripped solids in a lower portion thereof; 
5 d. a regenerated catalyst cooling means conprising 

a vessel adapted to contain a fluidized bed of catalyst and 
having an inlet connective with a source of hot regenerated 
catalyst, a heat exchange means immersed at an elevation within 
the fluidized bed of catalyst for removal of heat to produce 
cooled regenerated catalyst, an inlet for a fluidizing gas , and 
an outlet for cooled, regenerated catalyst; 

e. a direct contact heat exchange means for contact 
and cooling of hot stripped solids with cooled regenerated 
catalyst to produce cooled stripped catalyst; 

f. a catalyst regeneration means having an inlet 
connective with the cooled, stripped catalyst, a regeneration gas 
inlet, a flue gas outlet, and an outlet for removal of hot 
regenerated catalyst; and 

g. catalyst recycle means connective with the 
catalytic cxacking reaction rone, the primary stripping zone, and 
the hot regenerated catalyst cooling means. 

13. Otoe apparatus of claim 12 wherein the hot 
regenerated catalyst cooler is at an elevation, the hot catalyst 
stripper is at an elevation, and both the cooler and stripper are 
at substantially the same elevation. 

14. Ohe apparatus of claim 13 wherein the cooler and 
stripper are in open communication with a cannon source of hot 
regenerated i;catalyst, and wherein catalyst now through the 
cooler is only possible when fluidizing gas is added to the 
catalyst cooler. .. 
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